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extensively used as a male contraceptive in China [I] 
During the course of studies on the mechanism of action 
of gossypol as a selective spermicide, it was observed 
to be a potent inhibitor of the lactate dehydrogenase C4 
enzyme of sperm [2]. As anaerobic metabolism is relatively 
higher in cancer cells [3], these observations prompted 
studies to test its effect on the proliferation of cancer 
cells. Indeed, several studies have demonstrated an in 
vttro antiproliferative effect of gossypol [3-5]. In addition 
gossypol has also been shown to inhibit the growth of 
transplanted tumors in vivo [61 As gossypol is known 
to have a rather selective activity on normal reproductive 
tissues, we wished to investigate whether it will exert 
any selective antiproliferative effect toward cancer cell 
lines of reproductive origin. Recently the optical isomers 
of gossypol have been isolated and it has been found 
that the in vivo contraceptive effect of (±)-gossypol is 
attributable to its content of (-) isomer [7,8], although 
the (+) isomer shows activity in vitro as a spermicide 
[9]. It is not, however, known whether the antiproliferative 
activity of the widely used racemic gossypol i§ intrinsic 
to the active isomer or represents an untoward action 
due to the noncontraceptive isomer. Therefore, in the 
present study we also compared the effects of racemic 
gossypol and the (-) and (+) isomers of gossypol on 
the proliferation of different human cell lines (both un~ 
transformed and cancer cell lines) of different tissue origins 
and mitogen-activated peripheral blood mononuclear cells 
Our results show that gossypol exerts a general in vitro 
antiproliferative activity toward both reproductive and 
nonreproductive cancer cell lines, as well as toward un- 
transformed proliferating cells. Further, the antiprolifer- 
ative activity of gossypol, like its other major biological 
activities, is attributable to its (-) isomer. 



The antiproliferative effect of gossypol and its optical isomers 
on various human cell lines of reproductive and nonreproductive 
tissue origin was studied. Various reproductive cancer cell lines 
of ovarian, gestational, and testicular origin were highly sensitive 
(IC50 values of 0.86-1.98) to gossypol. The antiproliferative action 
of gossypol was not restricted to reproductive cancers, as non- 
reproductive cancer celt fines were also equally sensitive (IC50 
values of 0.69-3,55). In addition, actively proliferating untrans- 
fonned cells such as fibroblasts and PHA-activated lymphocytes 
were also sensitive (IC50 values of 0.87-r2.51). (rJhGpssypol was 
3.6^12.4 thnes_ more potent than (+>gossvi>oJ andJL48-2.65 
times morepotent than (± ^gossypol. The most sensitive indicator 
of gossypol action was a decrease in DNA synthesis followed by 
inhibition of protein synthesis and uptake of rhodamine-123 by 
mitochondria as tested in an ovarian cancer cell line (OVCA 433) 
— - 1 a fibroblast line (Hs27). These results indicate that gossypol 
~1ses a general nonselective antiproliferative action toward 
i cells in vitro. Further, the pharmacologic activity of gossypol 
as an antiproliferative agent is primarily attributable to its (-) 
isomer, which is also the active isomer as a contraceptive, e 1939 
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INTRODUCTION 

Gossypol, a compound derived from the cotton seed, 
has been shown to interrupt reproductive functions in 
both men and women [1]. Based on its potent effect on 
spermatogenesis at low oral doses gossypol has been 
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MATERIALS AND METHODS 

Gossypol and isomers. (±)-Gossypol was prepared and 
purified from (±)-gossypol acetic acid and (+)-gossypol 
was isolated and purified from Thepesia populnea [7]. 
(~)-Gossypol was separated from (±)-gossypoI as de- 
scribed previously {9]. 

Gossypol and its (-) and (+) isomers were freshly 
dissolved in dimethyl sulfoxide (DMSO; 10 mg/ml) and 
further diluted in medium. 

Cell lines. Ovarian cell lines (OVCA 420, 429, 432, 
and 433) were established and kindly provided by Dr. 
Herbert Lazarus, Dana Farber Cancer Institute. WI-38 
and Hs27 (fibroblast), Tera-2 (human embryonal carci- 
noma), WM9 (malignant melanoma), and SK-UT-t (me- 
sodermal tumor of uterus) cell lines were obtained from 
American Type Culture Collection, Rockville, Maryland. 
Other cell lines were generous gifts from the following. 
OVCAR 3 (ovarian carcinoma): Dr. Robert Ozois; BeWo 
and Jar (choriocarcinomas): Dr. R. A. Pattilo; 577M and 
833K (testicular teratocarcinomas): Drs. Fraley and 
Bronson; HL-60 (promyelomonocytic leukemia): Dr. D. 
Kufe. 

All the cell lines used in this study were free of my- 
coplasma (tested by Mycotect kit, Bethesda Research 
Laboratories, Gaithersberg, MD). 

Cell Culture. Cells were grown in minimum essential 
medium (MEM) (OVCA 420, 429, 432, 433, SK-UT-1, 
WM9, and OVCAR 3), RPMI 1640 (TCA, 577M, JAR, 
Be Wo, HL-60, and mononuclear cells), Dulbecco's mod- 
ified Eagle's medium (DMEM) (Hs27 and WI-38), or 
McCoy's 5a medium (Tera-2), supplemented with 10% 
heal-inactivated fetal calf serum (FCS), 2 mM L-glutamme, 
1 mM sodium pyruvate, 100 /xg/ml streptomycin, 100 
units/ml penicillin, and 1% nonessential amino acids 
(GIBCO Laboratories, Grand Island, NY). The adherent 
cells (all the cell lines except HL-60) were removed from 
the flasks by treatment with 0.25% trypsin + 0.02% 
EDTA in Hanks 1 balanced salt solution without calcium 
and magnesium (GIBCO) for 10-15 min at 37°C. Cells 
were washed twice and counted before plating. 

Peripheral blood mononuclear cells were prepared by 
centrifuging heparinized blood on Hcoll-Hypaque (Nunc, 
Roskflde, Denmark) gradients. Cells at the interface were 
collected, washed, and plated at 10 6 ceils/ml with 1 /tg/ml 
final concentration of phytohemagghitinin (PHA; 3x 
crystallized, Wellcome Research Laboratories, Research 
Triangle Park, NC) for 72 hr. 

Measurement of cell proliferation. Cells were plated 
overnight before the addition of gossypol. For measuring 
the effect on viability, 2.5 x 10 4 cells (except mononuclear 
cells which were used at 10 6 /well) were plated/well into 
24-weiI plates (Flow Laboratories, McLean, VA) in a 
final volume of 1 ml. After 72 hr treatment with various 



concentrations of gossypol or isomers, cells were harvested 
for viable (trypan blue excluding) cell counting. 

For measurement of [ 3 H]thymidine incorporation, 5 x 
10 3 cells (except mononuclear cells which were used at 
2 x 10 5 cells/well) were plated per well in 96-weIl flat- 
bottomed plates (Flow Labs) in a final volume of 200 fil 
Cells were treated with gossypol and isomers as described 
above. [mer/^ 3 HJITiymidine (8 /*Ci) (sp act 77.8 
Ci/mmole, New England Nuclear, Boston, MA) was added 
for the last 12 hr. Cells were trypsinized and harvested 
onto glass fiber filters using a Titretek cell harvester 
(Mo^lel 530, Flow Labs). Radioactivity was counted in 
a scintillation counter (Beckman) using a toluene-based 
scintillation mixture (Betaflour, New England Nuclear). 

Effect on DNA and protein synthesis. [ 3 H]Thymidine 
and [ HJleucme incorporation were used as a measure 
of DNA and protein synthesis, respectively. Cells (4 x 
10 4 ) were plated overnight in the wells of a 96-welI plate 
and then incubated with gossypol or isomers for 6, 12, 
24, 48, or 72 hr. [ 3 H]Leucine (1 fid) (sp act 50 Ci/mriole) 
or [ HJthymidine was added 1 hr before harvesting. Har- 
vesting was done as described above. 

Effect on rhodamine-123 (R-J23) uptake. For R-123 
uptake, 10 5 cells were plated overnight on glass coversKps 
inside 24-welI plates and then treated with gossypol for 
6, 12, 24, 48, or 72 hr. At the end of the incubation 
period cells were stained with R-123 (Eastman Kodak; 
10 ^g/ml in medium) for 20 min at 37°C. Cells were 
washed three times in medium before examination under 
phase contrast and fluorescence optics to determine the 
percentage of total cells showing positively stained (flu- 
orescent) mitochondria {10]. At least 200 cells were 
counted per coverslip. 

The results are expressed as means ± SD of three 
experiments each in triplicate. 

RESULTS 

Comparison of the antiproliferative effect of gossypol 
and its isomers. Antiproliferative effects of gossypol and 
isomers were assessed by counting the number of viable 
cells and incorporation of [ 3 H]thymidine into DNA. In 
all cell lines a complete dose response was performed 
using 0.312, 0.625, 1.25, 2.5, 5, 10, and 20 M g/ml of each 
isomer as well as the racemate. The controls were treated 
with the highest concentration of DMSO used as a solvent 
(this did not exceed 0.2%). This concentration of DMSO 
did not alter the thymidine incorporation or viable ceil 
number significantly. 

Figure 1 shows the relation between the log of the 
concentration of gossypol and the amount of [ 3 H]thymidine 
incorporated (A) or the % viable cells (B) in OVCA 433 
cells as a representative example of the dose responses 
obtained. A dose-dependent inhibition of both the pa- 
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2.5 3.1 3.7 4.3 
Log Dose 

fj^" \. relat,0n ° f effecl of S^vpol and its isomers on 
[ H]thymidinc incorporation (A) or cell viability (B). Ordinate represents 
percentage effect as compared to control which is taken as 100% Cells 
were treated with gossypol for 72 hr. ('HJThymidine was added for 
last 12 hr. Best-fitting curves were drawn visually. 

rameters was observed. The middle portions of the dose- 
response curves are linear and parallel to each other. In 
both cases (-)-gossypol is the most potent while (+)- 
gossypol shows the least activity. (±)-Gossypol shows 
intermediate activity and is about half as potent as (-)- 
gossypol. 

Comparison of Figs. 1 A and IB shows a close correlation 
between the reduction of viable cell number and 
[ H]thyinidine incorporation by ( ± )-gossypol and its iso- 
mers. Similar results were observed with (±)-gossypol 
in all the other cell lines used in the present study (data 
not shown). Therefore, inhibition of thymidine incor- 
poration was used as a measure of antiproliferative action 
of gossypol in subsequent experiments. 

For comparing different isomers, the responses were 
expressed as a percentage of the control thymidine in- 
corporation. The concentration of gossypol or isomers 
producing 50% inhibition of the thymidine incorporation 
(IC50) was detennined by comparing visually drawn best- 
fitting curves. 

As seen in Table I all the reproductive cancer cell 
lines tested were highly sensitive to gossypol with IC50 
values in micromolar range. This effect is a general an- 
tiproliferative effect as cancer cell lines of nonreproductive 
tissue origin, untransformed fibroblast cell line, as well 
as PHA-activated peripheral blood mononuclear cells 
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showed a similar pattern of sensitivity. Ail cells were 
more sensitive to ( ^ossypo, as compared to (+) isomer 
U.o- to 12.4-fold). (->Gossypol was 1.48- to 2.65-fold 
more active compared to the (±) form. 

Effect of gossypol and isomers on DNA and protein 
synthesis, and on mitochondrial function in OVCA 433 
cells. We further assessed the effect of (±)-gossypol and 
its isomers on two other important indicators of cellular 
metabolism, protein synthesis and mitochondrial function 

nn ™Z m knOWn to ta united by gossypol 
U1J. OVCA 433 cell line was used in these experiments 
The kinetics of inhibition of [ 3 H]leucine incorporation 
mto proteins, and of R-123 uptake into mitochondria, 
were studied in comparison with inhibition of DNA syn- 
thesis Three concentrations (0.312, 1.25, and 5 fig/M) 
of each compound were testea at various time points (6 
12, 24, 48, and 72 hr). The effects were dose-related 
though the pattern of inhibition was similar at all the 
concentrations. For simplicity only the results obtained 
with 5 Mg/ml concentration of the isomers are presented. 
As seen in Fig. 2, (~)-gossypol was clearly the most 
potent isomer on all the three parameters. The effect of 
(-) isomer also preceded that of (±) and (+) analogs 
on all these parameters. 

l COm ^ SOn 0f the eflfcct of ^ssypol and its isomers 
on the OVCA 433 cell line revealed that the most sensitive 
indicator is DNA .synthesis followed in order by protein 
synthesis and mitochondrial metabolism. 



DISCUSSION 

Recent reports have demonstrated that gossypol pos- 
sesses m vitro antiproliferative activity at concentrations 
achievable during its use as a contraceptive in humans 
U-5J. Considering the rather selective in vivo activity of 
gossypol toward reproductive tissues, it was of interest 
to investigate whether reproductive cancers show a higher 
sensrtivity to the antiproliferative effects of gossypol. 
More recently, it has been shown that the in vivo anti- 
fertihty action of gossypol, which consists of a racemic 
mixture of its optical isomers, is mostly attributable to 
its content of (-) isomer [7,8]. It was, therefore, of 
interest to see if the antifertility as well as antiproliferative 
and other actions of gossypol are due to the (-) isomer 
or whether the different isomers have divergent spectra 
of activities. To answer these questions we compared 
the racemic gossypol with (-) and (+) isomere of gossypol 
as antiproliferative agents. In addition, we analyzed their 
relative potencies to inhibit other cellular metabolic ac- 
tivities known to be blocked by gossypol. 

Inhibition of thymidine incorporation correlated well 
with the direct assessment of ceil viability when the iso- 
mers were tested on OVCA 433 cells and a fibroblast 
line (Hs27, data not shown). By this criterion the (-) 
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TABLE 1 

Compaq Antiproliferative Activity of the Qpfcu a— of go^po, on VariolJS Human Cell Lines in Vitro' 



Ceil lines 



O VC A 420 

OVCA429 

0 VCA 433 

OVCA432 

OVCAR3 

833K 

Tera-2 

BcWo 

JAR 

HL-60 

WM9 

WI-38 

Hs27 

PHA-PBL 



G(±) 



J. 98 ± 0.6 
1.25 ± 0^8 

1.28 ± 0.3 
1.24 ± 0.6 
0.80 ± 0.2 

1.29 ± 0.1 
1.16 ± 0.4 
1.09 ± 0.1 
0.86 ± 0.7 
0.69 ± 0.0 
3.55 ± 0.3 
0.87 ± 0.0 
1.43 ± 0.1 
2 .51 ± 0.2 



1C50 (j*g/m!) 



6.06 ± 0.9 
5.85 ± 3.5 
4.43 ± 3.3 
5.27 ± 2.3 
3.01 ± 0.5 

5.37 ± 0.1 

3.38 * 1.0 

2.39 ± 0.1 
2.72 ± 1.3 
1.66 ± 0.3 
7.41 ± 1.7 
3.09 ± 0.1 
5.38 ± 1.6 
4.90 ± 0.1 



G(-) 



0.85 ± 0.3 
0.47 * 0.1 
0.62 ± 0.3 
0.57 ± 0.2 
0.32 ± 0.0 
0.87 ± 0.0 
0.49 ± 0.2 
0.44 ± 0.1 
0.44 ± 0.3 
0.33 ± 0.0 
1.62 ± 0.4 
0.48 i 0.0 
0.54 ± 0.4 
1.35 ± 0.4 



Relative potencies 



G(+)/G(~) 



7.1 
12.4 
7.1 
9.2 
9.4 
7.3 
6.9 
5.4 
6.2 
5.0 
4.6 
6.4 
9.9 
3.6 



_G(±)/G(~) 

2.3 
2.7 
2.1 
2.2 
2.5 
1.5 
2.4 
2.5 
2.0 
2.1 
2.2 
1.8 
2.7 
1.9 




24 48 72 
Incubation Period (Hrs) 

2w«l i W thynud,ne < A >- [ J HH=ndne (B), and R-123 (Q fa OVCA 

l!^* 16 ' «•» 1 hr. For leucine incorporation ceUs 
were washed three tones with leucmetfee medium and then ['HBeucine 

oTco^. 1 " Same m£diUm - Resu,te « "pressed - pSn^e 



isomer was 3.6 to 12.4 times more active compared to 
(+) isomer. Racemate exhibited almost half the activity 
oftheequ^ofer concentrations of (-) isomers. Gossypoi 
aceUc acid the commonly used form of gossypoi, 3w 
ncariy, eqmpotent with the racemate (datf noHhown? 
This comparison clearly demonstrates that the activity 
of gossypoi is primarily due to its content of (~)-gossyix>l 
Even though gossypoi has been reported to have S 
action on normal reproductive tract of male and female 
HI, no selectivity was observed toward cancer lines de- 
Zl? 7 ^Pf 0 *^™ tract tissues. These results are 

Znf S 7 h °£ 6r reports about a ^mral in vZ 
antiprohferative effect of gossypoi [3-5] 

whth^lf nCraI ^P^raeve action of gossypoi, 
22^?*? i° Untransfonned Ooblasts a? weUa 
SS"- ated / 0 S ,a, the lack of any 

J*;?** attribu,ab,e to SUch ™ 

of ST 8 '. J"? SUggCSted 11,81 relativ « lack 
of side effects during in vivo administration of gossypoi 

as a contracepuve probably reflects a buffering action 
hLf£ Uin S r ° tem ^ n0t ^ tissue or cell dis- 

SmT ?TP ? WeU 38 albumin have bee" demon- 
strated to mhibrt the cytotoxic activity of gossypoi [4J. 

mSS^JST 9 of racemate aud Vomers 

S±^S Md f n ,^ A md protein synthesis «■ on 

sTow; ^^ 6 ?S? S,n * Parameters wl «ch have been 
shown to be inhibited by gossypoi and have been proposed 

cLri,i,™ e lTT S ° f itS activit y f 2 '3.10,ll]. It is 
chj from this study that ( - )-gossypoI is the most potent 
and (+)-gossypol the least potent inhibitor of all these 
three parameters. 

Overall the present results demonstrate that gossypoi 
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in vitro acts as a general and nonselective antiproliferative 
agent and that Ifie pfffipffil fPn m? rr irmMthpir rHn fr ri 
tivities of gossypol are primarily attributable to its content 
of (-) isomer. 
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